



Two lung cancer clusters: 1) North/Lower North/West Phila. around Fairmount Park  2) River Wards/North Delaware 
Several census tract characteristics associated with higher lung cancer incidence and mortality
• SIR: adult smoking prevalence, COPD prevalence; inversely associated % residential addresses vacant 
• SMR: above variables and the following inversely associated; % population White, % population Asian, % Obesity
Comparison of morbidity and mortality 
• Similar geographic distribution of morbidity and mortality is expected given poor lung cancer survival
• Geographic disparities more pronounced for mortality (more tracts involved in clusters; more tracts SMR ≤1 than SIR ≤1)
Conclusions: Findings may help guide cancer control efforts in the Philadelphia area and provide framework for 
municipal geospatial lung cancer analyses
Limitations
• Predictors of lung cancer burden at census tract level may not apply at individual level (ecological fallacy)
• Model of SMR at census tract level does not account for stage at diagnosis, 
a key predictor of lung cancer mortality
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• Highest number of cancer deaths in developed 
countries and in Pennsylvania (PA)1,2
• Ongoing racial and ethnic disparities2
Lung Cancer as 
Global and Local 
Public Health 
Issue
• Factors associated with racial and ethnic lung 
cancer disparities: Stage at diagnosis, 
neighborhood socioeconomic status, marital 
status3
• Geospatial Information Systems (GIS) mapping 
can identify variation in census-tract level cancer 





• Prior municipal analyses at census tract level in 
Philadelphia4 and Baltimore5 for other cancer 
types
• More analyses conducted at state and national 




Systems to Assess 
Cancer Burden
1.To determine spatial distribution of lung cancer 
burden
2.To identify clusters of lung cancer cases and 
deaths
3. To assess census-tract-level correlates associated 
with lung cancer burden
Study Objectives
Lung Cancer Standardized Incidence and Mortality Ratios by Census Tract
Clusters of Lung Cancer Morbidity and Mortality
Mapping and Cluster Analysis
Geocoding
• Input PA Cancer Registry lung cancer cases from 2008-2017 into ArcMap 
10.8.1 
• Created address locator with Philadelphia Streets Department data
• Geocoded lung cancer cases and deaths 
• Manually verified unmatched addresses to achieve 98% match rate
Aggregation by Census Tract
• Aggregated cases and deaths by census tract; excluded tracts population < 300
• Calculated age-adjusted lung cancer standardized incidence ratio (SIR) and 
standardized mortality ratio (SMR) based on national Surveillance 
Epidemiology and Endpoint Results (SEER) incidence and mortality rates
Map Design
• Created choropleth maps in ArcMap 10.8.1 lung cancer SIR and SMR by census 
tract (Figure 1 and Figure 2)
• Identified lung cancer clusters using two measures of spatial autocorrelation –
Getis Ord Gi* and Local Moran’s I – and mapped the overlap between the two 
methods to triangulate results (Figure 3 and Figure 4)7
Model Building
Univariate Analyses: Calculated descriptive statistics at census tract level 
for key health and sociodemographic variables (Table 2)
Bivariate Analyses: Assessed relationship between lung cancer SIR and 
SMR with census-tract-level characteristics via Pearson’s correlation (Table 3)
Multivariable Model:
• Included variables from bivariate analyses with significant relationship at p 
< 0.10 level for separate models of lung cancer SIR and SMR (Table 4 and 
Table 5)
• 𝜶𝜶 = 0.05
Figure 1. Figure 2.
Figure 3. Figure 4.
Census Tract Characteristic Mean (SD)
Lung Cancer Standardized Incidence Ratio a 1.49 (0.82) 
Lung Cancer Standardized Mortality Ratio a 1.24 (0.61)
Median household income ($) b 41,260.63 (21,063.88)
Black or African American (%) b 44.28 (35.60)
White (%) b 41.36 (33.03)
Asian (%) b 6.02 (7.77)
Hispanic (%) b 10.88 (16.30)
Male (%) b 47.11 (4.20)
Homeowner (%) b 52.83 (18.82)
Uninsured (%) c 13.48 (6.22)
Adult smoking prevalence (%) d 23.58 (6.26)
Diagnosed with COPD (%) d 7.24 (2.32)
Obesity (%) e 34.03 (5.60)
Achieved recommended physical activity (%) e 20.59 (2.40)
Routine exam in past year (%) d 73.857 (4.94)
Reported 14+ poor health days (%) d 14.91 (4.39)
Residential addresses vacant (%) c 14.91 (4.39)
a Pennsylvania Cancer Registry, 2008-2017
b U.S. Census Bureau, 2010 Census via PolicyMap
c U.S. Census Bureau, ACS 2010-2014 via PolicyMap
d CDC 500 Cities: BRFSS 2017 and 2010 Census
e Policy Map: BRFSS 2018 and 2010 Census








Median household income ($) -0.166* -0.263*
Black or African American (%) 0.099* 0.144*
White (%) -0.084 -0.137*
Asian (%) -0.076 -0.110*
Hispanic (%) -0.026 0.007
Male (%) 0.035 0.035
Uninsured (%) 0.106* 0.177*
Homeowner (%) 0.016 -0.031
Adult smoking prevalence (%) 0.255 0.365*
Diagnosed with COPD (%) 0.139 0.213*
Obesity (%) 0.049 0.112*
Achieved recommended physical activity (%) 0.031 -0.018
Routine exam in past year (%) -0.067 -0.059
Reported 14+ poor health days (%) 0.134 0.218*
Residential addresses vacant (%) 0.134 0.218*
*Correlation is significant at p < 0.10 level (2-tailed)
Table 3. Bivariate Analyses Between Lung Cancer Standardized Incidence 
and Mortality Ratios and Census Tract Characteristics (n=375)
Census Tract 
Characteristic
SIR Bi  Coefficient
(95% Confidence 
Interval)










0.000 (0.000, 0.000) 0.462 0.00 (0.00, 0.00) 1.218
African American (%) 0.001 (-0.002, 0.004) 0.619 -0.009 (-0.023, 0.005) -1.218
White (%) -- -- -0.020 (-0.037, -0.002) -2.234*
Asian (%) -- -- -0.037 (-0.055, -0.019) -4.061*
Uninsured (%) -0.011 (-0.027, 0.005) -1.302 0.002 (-0.010, 0.014) -0.107
Adult smoking 
prevalence (%)
0.129 (0.094, 0.163) 7.326* 0.120 (0.092, 0.147) 8.677*
Diagnosed with COPD 
(%)
0.135 (0.027, 0.243) 2.456* 0.262 (0.080, 0.443) 3.362*
Obesity (%) -0.068 (-0.104, -0.032) -3.683*
Residential addresses 
vacant (%)
-0.197 (-0.276, -0.118) -4.926* -0.257 (-0.391, -0.123) -3.764*
Note: SIR R2 = 0.158, SMR R2 = 0.286
*Association is significant at p < 0.05 level (2-tailed)
Table 4. Multivariable Linear Regression of Lung Cancer Standardized 
Incidence and Mortality Ratios and Census Tract Characteristics (n=375)
Discussion
